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In the design study of helical fusion reactor FFHR, a 
liquid blanket concept is now being examined wherein 
molten salt FLIBE is assumed to be a coolant that serves as 
tritium breeding material as well. In this concept, the 
thermal energy output transported by the primary FLIBE is 
transferred to a certain power cycle via. a heat exchanger. 
Of several candidate power cycles, that of helium gas 
turbine is attractive from its inherent safety and also from 
the possibility of tritium handling in dry conditions. 
Meanwhile, the operating temperature region of FLIBE is 
extremely restricted due to its corrosive character, the upper 
and lower temperature limits being 550°C and 450°C, 
respectively. In order to realize an efficient gas turbine 
cycle that uses such low and limited heat receiving 
temperature, an adoption of multi-stage compression and 
expansion cycle that changes the cycle pattern from a 
slender shape to the Carnot one on ,TS or HS diagram is 
inevitable. 
With this background, an estimation was made on the 
attainable efficiency of a closed helium gas turbine cycle 
with three-stage compression/expansion, which is 
illustrated on first and second figures. It consists of one 
pre-cooler, two inter-coolers, one regenerative heat 
exchanger, one main heat exchanger, two reheaters as well 
as three compressors and expanders. Heat rejecting 
temperature was fixed at 30°C and the compression and 
expansion ratio for each three stages were assumed to be 
equal. 
Results are illustrated in the third figure where the 
cycle efficiency is drawn vs. one stage compression ratio. 
The maximum thermal efficiency is found to be 370/0 for 
compression ratio of 1.5, which can favorably be compared 
with standard thermal efficiency of conventional nuclear 
power plants. 
However, the problem lies in the pressure drop ratio. 
In the above estimation, the relative pressure drop through 
whole cycle path was fixed at 0.1. Although it is a typical 
value in conventional gas turbine cycles, the present 
multi-stage cycle contains total 7 heat heat exchangers in 
the operating flow path so that it is not expected to be 
applied as it is. Following this, the effect of relative 
pressure drop ratio was examined the result of which is 
shown in the fourth figure. As the pressure drop ratio 
increases, the attainable thermal efficiency is seen to 
decrease rapidly so that it is understood that thorough 
reduction of the pressure drop in heat exchangers is a key 
issue for realizing such multi-stage compression/expansion 
gas turbine cycle. 
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At present, the R&D activity is being made to realize 
such highly efficient heat exchangers by combined team of 
JAERI and Mitsubishi Heavy Industry Co. for HTGR power 
cycles, in which a plate-type ultra-fine fin heat exchanger is 
reported to be able to achieve over 950/0 heat exchange 
efficiency. 
Another problem may be that of leakage of tritium 
containing helium gas through the shaft bearing. It will 
give rise to the necessity of containing whole system in a 
large vessel which is seen in the design of modular type 
HTGR power plant. In any case, it is concluded that 
development of highly efficient heat exchanger has a 
crucial key for realizing such multi -stage gas turbine cycle. 
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